CONTEXT: Magnesium support to small bowel resection patients.
INTRODUCTION
Magnesium is the fourth most abundant cation in the blood. Its existence in animals was detected around 1859. Magnesium deficiency was described in the early 1930s. Magnesium depletion has been found in alcoholics and other patients after long hospitalization. 1, 2, 3 The human body has 25 to 30 grams of magnesium, but values of up to 40 g have been described. It is concentrated in bones, which contain about 24 g (50 to 60% intracellular); 1% of the total body magnesium pool is found in the blood plasma (50% free and 1/3 bound to albumin). 1 The Recommended Dietary Allowance (RDA) for magnesium ranges from 280 to 350 mg or 23 to 30 mEq/day. 4 Magnesium absorption occurs all over the entire gastrointestinal tract, but mainly in the ileum and colon. There is evidence to support the secretion of this ion by the duodenum. Cellular magnesium transport occurs through active and passive mechanisms and is inhibited by calcium, alcohol, phosphate, phytates and fat, and stimulated by vitamin D. Renal excretion is inversely proportional to extracellular concentration. 2, 5 The important role of magnesium in human metabolism can be recognized through its functions as a stabilizer of ATP-dependent enzymatic reactions, as a cofactor of circa 300 enzymes, as a modulator in neuromuscular transmission and as an essential ion in cardiac physiology. 2, 6 Its action on the myocardium during ischemic episodes and reperfusion injury after acute myocardium infarction have been shown in studies such as the Second Leicester Intravenous Magnesium Inter-vention Trial (LIMIT-2). 7 It has also been shown to have beneficial effects in the treatment of cardiac arrythmia. 8, 9 A link between hypomagnesemia and sudden death has been strongly suggested and also its correlation with higher numbers of ischemic episodes or higher intake of nitrates in ischemic patients. 8, 9 There is an inverse relationship between magnesemia, deaths and hospital care following vascular or coronary disease 10, 11, 12 . Magnesium deficiency can also lead to premenstrual tension syndrome and depression as a result of diminished dopamine synthesis. It is one of the micronutrients related to fetal malformation in laboratory animals, either as an excess or deficiency. 2, 6 Hypomagnesemia is common among patients who need intensive care and in the general population. 3, 6 Magnesium administration must be done carefully for patients with severe atrioventricular block and renal insufficiency, as high levels of this ion may decrease the cardiac rate. 7 Food sources of magnesium are vegetables, roots, seafood, nuts, cereals and milk products. Drinking water offers 1 -16 ppm. This cation is part of chlorophyll and so is present in all green plants. Magnesium may be lost during cooking.
To retain this micronutrient one should cook food in small amounts of water and for the shortest time possible. 1, 5 This study had the aim of examining hypomagnesemia incidence among patients with extensive small bowel resection, and following up these patients during their hospitalization and treatment of their deficiency.
METHODS
Fifteen patients from the Metabolic Unit of the University Hospital of the Medical School of Ribeirão Preto -Universidade de São Paulo, Brazil, were retrospectively reviewed concerning their magnesium status. All were submitted to extensive small bowel resection (> 2 meters) and their small bowel transit time was less than ten minutes. None of the studied patients had any documented intestinal disease before surgery. The cause of enterectomy in all patients was intestinal ischemia, either thrombosis or emboli. Among these 15 patients, 7 also had colectomy, at least of the ascending colon. The most extensive resection was of the ascending colon and transverse colon. Values of their first magnesium serum levels after surgery, the follow-up of serum data during hospitalization and treatment of the deficiency were analyzed. To treat the deficiency, at least twice the RDA values (23 to 30 mEq) were given by intravenous infusion, i.e. 10 ml of magnesium sulfate 20%. The serum level of magnesium for eutrophic subjects is 1.5 to 2.5 mEq/l. 
RESULTS
Initial plasma magnesium values [mean 1.59 mEq/l (SD 0.43)] were obtained from 21 to 180 days after surgery, 45 days on average. Magnesemia in the first collection varied from 0.85 to 2.17 mEq/l and was low in 6 (40%, 1.19 mEq/l SD 0.22) patients out of 15. Two patients (13.3%) had magnesium plasma levels at the lower limit (Figures 1, 2 and 3) . There was no relationship between resection of the colon and hypomagnesemia. Patients with normal magnesemia were on average monitored on the twentieth postoperative day, i.e. earlier than the others. Of those eight patients who had magnesemia equal to or less than the lower dosage limit, only two received supplements when diagnosis was known. During hospitalization with nutritional support therapy, 10 out of the 15 patients followed showed serum magnesium below the lower limit, on at least two occasions. From these, only four received specific treatment for hypomagnesemia.
No patient presented hypermagnesemia.
DISCUSSION
The status of serum magnesium after large bowel resection surgery may affect patients' treatment and follow-up. Hypomagnesemia can be found just after surgery or during follow-up of such patients. A sequence of low values of serum magnesium was found in 10 out of our 15 patients, under our continuous long term study program of these patients. It is important to recognize that prolonged parenteral nutrition alone would not explain the fall of magnesium levels, as the patient received the recommended daily allowances. 4 Magnesium nutrition control has been shown to be inadequate, causing patients to face micronutrient imbalance and suffer its consequences. In spite of problems in correlating blood magnesium levels to their intracellular amounts, plasma values could help to detect or at least suggest body magnesium deficiency and the need for treatment. Our present and suggested magnesium treatment for these patients is: a) when serum levels range from 1.2 to 1.5 mEq/l they should receive a total infusion of 66 mEq/day, 20 milliliters of magnesium sulfate 20% plus daily allowances, diluted in 100 or 200 ml saline or glucose solution, depending on the patient's liquid restrictions; b) patients with lower magnesium levels (< 1.2 mEq/l), should receive an infusion of 99 mEq per day plus allowances, keeping the dilution as described above.
Infusion should be at a low rate like 5 mEq per hour (side effects have been reported when magnesium sulfate is infused rapidly i.e. paresthesia, nausea, vomiting, malaise and hypotension). In our unit, we check magnesium blood levels 24 hours after reposition, and a week later if the procedure was efficient. After the patient has been stabilized, we continue checking it every 15 days during hospitalization and monthly, when the patient is at home.
In conclusion, it can be said that low values of magnesium serum were found in patients undergoing resection of the small intestine. Levels of blood magnesium must be controlled when patients are kept on parenteral nutrition for long periods, even when receiving the recommended daily allowances of the ion, to have better control of their desirable or adequate nutritional status concerning this micronutrient. 
